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Abstract 

Controlled synthesis of highly efficient nanocatalysts and studying their structure-activity relationship are 

of significant importance in both fundamental research and industrial applications. In this study, we 

developed several well defined Pt-based nanocatalysts with quasi-core-shell structure or nanoalloy 

structure for the preferential oxidation of CO in the presence of H2 (PROX), which is a key reaction for 

the production of clean H2. By means of various ex- or in-situ characterization method, the structure-

activity relationships of these catalysts have been extensively studied. It was concluded that ferrous iron 

species could work as oxygen activation sites, and Ru could lower the CO adsorption strength. 

Furthermore, the utilization of Pt was much higher on nanoalloy catalysts as compared with quasi-core-

shell catalysts. Based on these findings, highly efficient PtFe and PtRuFe nanoalloy catalysts with ultra-

low Pt loading were designed, on which CO can be completely removed even under -50 ºC. 
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As the urgency of environmental issues, much attention has 

been paid to searching for alternative energy sources. 

Among them, Hydrogen, which can be used in fuel cell to 

produce energy with high efficiency, is one of the most 

promising alternatives. However, hydrogen is mostly 

produced from the catalytic conversion of liquid fuel, coal 

or biomass etc. In current catalytic processes, however, 

about 1% CO will remain in the hydrogen, which would 

poison the catalysts, such as Pt/C, in the fuel cell. 

Preferential oxidation of CO in the presence of hydrogen 

(PROX) is the most commonly used method to selective 

remove CO in a H2-rich stream, by which the content of 

CO could be controlled lower than 10 ppm. One of the 

most important catalysts is supported Pt-based catalysts. 

However, the activity of unpromoted Pt-based catalysts is 

quite low at temperatures below 100 °C (Liu, Wang et al. 

2012). Thus, develop of highly efficient Pt-based 

nanocatalysts is extremely urgent. 

In this study, we successfully synthesized several Pt-based 

nanocatalysts with well-defined composition and structure 

by wet chemical reduction method. By means of several 

ex- or in-situ characterization method, the structure-

activity relationships of these catalysts have been 

extensively studied. Based on the findings, highly efficient 

PtFe and PtRuFe nanoalloy catalysts with ultra-low Pt 



  
 

loading were designed, on which CO can be completely 

removed even under -50 ºC. 

Results and Discussion  

Firstly, Pt@Fe quasi-core-shell nanocatalysts, where Fe 

species were decorated on the surface of Pt nanoparticles, 

were synthesized by a one-pot surfactant-free polyol 

process, and the composition effect was also studied. 

(Zhang, Lin et al. 2015) As showed in figure 1, this 

structure was demonstrated by the LEIS characterization 

results. The catalytic performance can be manipulated by 

tuning the content of Fe species on the surface, and CO can 

be completely removed at room temperature when the 

loading of Fe is about 0.20 wt%. 

 
Fig. 1. Characterization results and catalytic performance of 

Pt@Fe quasi-core-shell nanocatalysts. 

a. TEM of PtFe0.20, b. LEIS of PtFe0.20, c. structure model of the 

catalyst, d. catalytic performance. 

Considering the catalytic process occurs on the surface of 

catalysts and the catalytic property is mostly determined by 

the surface atoms, we believe that the established Pt@Fe 

quasi-core-shell catalysts may not be the most promising 

candidates for PROX. The cores of the metal nanoparticles 

are dominated by Pt in these catalysts, and only few Pt 

atoms are located on the surface and participate in the 

reaction, leading to the fairly low utilization of Pt. Thus, 

PtFe nanoalloy catalysts, on which the Pt loading was 

much lower (only about 0.7 wt%), were then designed and 

synthesized by carefully controlling the reduction 

conditions. (Zhang, Liu et al. 2016) As shown in figure 2, 

100% CO conversion can also be obtained at room 

temperature, while the Pt loading of the as-prepared PtFe 

nano-alloy catalysts is decreased by a factor of 6 due to the 

increased Pt utilization. Based on in situ diffuse reflectance 

infrared spectroscopy (DRIFTS) and quasi-in situ XPS, it 

can be concluded that O2 is activated over ferrous iron on 

the PtFe nano-alloy catalysts, leading to the high 

performance towards preferential oxidation of CO. Under 

reaction conditions, the active species will be oxidized to 

ferric oxide, thus O2 activation ability and catalytic activity 

decrease. Based on the above understanding, we further 

constructed a highly stable catalyst by supporting PtFe 

nano-alloy particles onto TiO2, which can help to activate 

O2 and stabilize the lower valence Fe species. 

 

 
Fig. 2. PtFe nanoalloy catalyst and its catalytic activity towards 

PROX. 

Furthermore, we have also synthesize a PtRuFe 
trimetallic nano-alloy catalyst. Based on the CO-

TPD and in-situ DRIFTS study, it can be 
concluded the Ru would reduce the CO adsorption 
strength, while Fe could work as O2 activation site. 
As shown in figure 3, with the synergistic effect 
between Ru and Fe, the activity for CO oxidation 
can be further enhanced. 
 

 
Fig 3. Characterization results and catalytic performance of 

PtRuFe trimetallic nanoalloy. 

Conclusion 

In summary, well-defined Pt-based nanocatalysts have 

been successfully synthesized, and the catalytic 

performance was optimized by manipulating the 



  

composition and structure. The structure-activity 

relationship for these catalysts have also been studied by 

various ex or in situ characterization method. Based on 

these results, it can be concluded that the Ru will reduce 

the CO adsorption strength, while ferrous Fe can work as 

O2 activation site, and the utilization of Pt can be 

significantly enhanced by changing the structure from 

quasi-core-shell to nanoalloy. 
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